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(57) Abstract 

A method for fabricating a 
semiconductor laser diode and the laser 
diode constructed therewith. A laser 
diode according to the present Invention 
is constructed by depositing a buffer 
layer (9) on a substrate (8). A crystalline 
layer (10-13) is men deposited on the 
buffer layer (9). The crystalline layer 
(10-13) Includes the waveguide for the 
laser. A portion (1 10) of the buffer layer 
(9) is etched from under the crystalline 
layer (10-13) leaving a portion (110) of 
the crystalline layer (10-13) cantilevercd 
over the substrate (8). The crystalline 
layer (10-13) Is then cleaved In the 
cantilevered portion (110) to generate 
a reflecting surface (15) for reflecting 
light generated in the waveguide, litis 
method Is well suited for GaN based 
laser diodes that are to be constructed 
on sapphire substrates. 
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Semiconductor Laser Device 

Field of the Invention 

5 The present invention relates to semiconductor laser diodes and more 

particularly relates to semiconductor laser diodes having cleaved facets. 

Background of the Invention 

10 Recently, the development of semiconductor light-emitting elements has 

advanced to the point that such elements are being applied to a variety of fields. The 
development of semiconductor light-emitting elements began with the development of 
red and yellow light-emitting elements and was later followed by the development of 
blue semiconductor light-emitting elements. Semiconductor light-emitting elements 

1 5 are divided into light-emitting diodes (LEDs) and laser diodes (LDs). To provide full 
color images in a display, elements that emit all of the three primary colors are 
required. Hence, the development of blue semiconductor LEDs has greatly expanded 
the uses for these elements. 

20 Blue LDs have the potential for increasing the storage capacity of optical disks 

over the densities currently available in compact disk systems based on red laser 
diodes. Increased storage capacity will open new markets for compact disks in 
motion picture distribution. 

25 One class of blue emitting elements is based on group III-V nitride films such 

as GaN epilayers grown on sapphire substrates. To fabricate a laser, an appropriate 
optical cavity having parallel mirrors at each end of the cavity must be formed. The 
laser cavity is typicaiiy formed by sandwiching an active gain layer between two 
layers of GaN doped to form n-type and p-type semiconductors. The GaN layers are 

30 constructed so as to form a waveguide. The ends of the waveguide are mirrors that 
reflect the light generated in the active region back and forth. In GaN based LDs the 
mirrors are typically formed by etching the ends of the waveguide to provide the 
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reflecting surface of the mirror. 

It should be noted that the techniques based on cleaving the layers, which are 
utilized in the analogous devices, based on zinc blende III-V compounds do not 
work with GaN. The GaN layers are typically deposited on sapphire substrates that 
are difficult to cleave. Even if broken by force, the sapphire, GaN buffer layer 
deposited on the sapphire, and the GaN forming the active layer are unified at the 
crystal level. Hence, it is difficult to control the cleaving operation to assure that the 
facets are provided in the desired planes relative to the active layer. To overcome 
the problems associated with cleaving, etching techniques have been employed. 

Unfortunately, the surfaces formed by the etching operation do not form 
perfect mirror planes. Minute irregularities develop on these surfaces which scatter 
the light generated in the active layer. This scattering lowers the efficiency of the 
device, and hence, increases the current that must be applied to achieve lazing. The 
additional current increases the heat generated in the device and leads to decreased 
reliability. 

Broadly, it is the object of the present invention to provide an improved GaN 
based semiconductor laser and method for making the same. 

It is a further object of the present invention to provide an improved method 
for cleaving the GaN layers to provide the end mirrors of the laser cavity. 

* 

These and other objects of the present invention will become apparent to those 
skilled in the art from the following detailed description of the invention and the 
accompanying drawings. 

Summary of the Invention 



The present invention is a method for fabricating a semiconductor laser diode 
and the laser diode constructed therewith. A laser diode according to the present 
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invention is constructed by depositing a buffer layer on a substrate. A crystalline 
layer is then deposited on the buffer layer. The crystalline layer includes the 
waveguide for the laser. A portion of the buffer layer is etched from under the 
crystalline layer leaving a portion of the crystalline layer canti levered over the 
5 substrate. The crystalline layer is then cleaved in the canti levered portion to generate 
a reflecting surface for reflecting light generated in the waveguide. This method is 
well suited for GaN based laser diodes that are to be constructed on sapphire 
substrates. 

10 Brief Description of the Drawings 

Figure 1 is a cross-sectional view of a laser diode. 

Figure 2 is a cross-sectional view of a laser diode illustrating the manner in 
15 which the end mirrors are normally fabricated. 

Figures 3 and 4 are cross-sectional views of the layers deposited in the first 
stages of the fabrication of a laser diode. 

20 Figures 5-8 are prospective views of a wafer at various stages in the 

fabrication of a laser diode according to the present invention. 

Figures 9-12 are prospective views of a wafer at various stages in the 
fabrication of a second embodiment of a layer diode according to the present 
25 invention. 

Detailed Description of the Invention 

The present invention may be more easily understood with reference to Figure 
30 1 , which is a cross-sectional view of a LD. Light is generated in the active region 7 
by the recombination of holes and electrons which are introduced into the region by 
applying a voltage between contacts 5 and 6 which in turn creates a potential across a 
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p-n diode formed by GaN layer 3 and 4. The reflecting planes 1 on the boundary of 
the active region form a waveguide that traps the light generated in the active region. 
The light is reflected back and forth through the active region by the reflecting planes 
shown at 2. With each pass, the light is amplified. One of the reflecting planes 2 has 
5 a reflectivity that is less than 1 00%. Light exits the laser through this plane as shown 
by the arrow in the figure. 

As noted above, to obtain a highly efficient laser diode, the reflecting planes 
shown at 2 must be as close to perfectly parallel mirrors as possible. In general, the 
10 layered structure is grown epitaxially on a substrate 8 as shown in Figure 2. If the 
substrate is relatively soft, the reflecting surfaces for the ends of the waveguide can be 
generated by cleaving the substrate and attached layers in the direction of the arrows 
shown at B. Typically, a scribe is used to insert cuts in the back of the substrate, and 
then, the substrate is broken. 

15 

Blue semiconductor lasers are usually fabricated on a sapphire substrate 
because the lattice constants of sapphire provide the closest match to lattice spacing of 
GaN. A series of GaN layers are deposited on the sapphire substrate to form the 
various layers that make up the laser. Unfortunately, the sapphire substrate is too hard 
20 to easily break after forming the active layer. 

The present invention overcomes this difficulty by utilizing a buffer layer 
between the sapphire substrate and the GaN layers. The buffer layer material must 
have two properties. First, it must provide a suitable base material for depositing the 
25 GaN layers. Second, the buffer material must allow a selective etch so that a portion 
of the buffer layer can be removed from under GaN layers to provide a cantilevered 
structure that can be cleaved by conventional techniques. The preferred buffer layer 
material is aluminum nitride (AIN). 

30 Refer now to Figure 3 which is a cross-sectional view of the layers deposited 

on a sapphire substrate 8 as the first step in fabricating a LD 100 according to the 
present invention. An AIN layer 9 having a thickness from 50 nm to 200 nm is 
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deposited by metal-organic chemical vapor deposition (MOCVD) at a relatively low 
temperature of around 500°C. AIN is preferred as the buffer material because a flat 
film consisting of a GaN single crystal is easily formed on an AIN layer. In addition, 
etching methods for selectively etching AIN without significantly removing GaN are 
5 well known in the art. 

After depositing the AIN buffer layer 9, a layer 10 of n-type GaN is deposited. 
The light-emitting part of the layer composed of GaN based cladding layers 1 1 and a 
GaN based active layer 12, and a p-type GaN layer 13 are deposited on AIN layer 9. 
-10 Referring to Figure 4, the layers are then etched to expose the n-type contact as shown 
at 1 0 1 . The exposed area is used to make a connection that becomes the negative 
terminal of the LD. The positive terminal is deposited on p-type layer 13. 

Refer now to Figure 5, which is a perspective view of a portion of wafer on 
15 which a plurality of LDs is formed by the method of the present invention. The 
layered substrate is etched to provide access to the n-type layer as described above. 
The layered structure is then etched back to the substrate 8 using reactive ion etching 
to provide regions in which the waveguide protrudes. A typical protruding region is 
shown at 110. The AIN buffer layer 9 discussed above is shown crosshatched in the 
20 figure. 

After the reactive ion etching, the portion of the AIN layer under the 
protrusion 1 10 is then removed by selectively etching away the exposed AIN layer. 
This leaves the portion of the waveguide that was included in the protrusion 

25 cantilevered over the substrate as shown in Figure 6 at 14. Without the support of the 
underlying substrate, the GaN layers in the cantilevered region are easily cleaved. 
The layers may be cleaved by applying ultrasonic vibration or by striking the 
cantilevered region with a blade at the desired location in the direction indicated by 
the arrows labeled "C" in Figure 7. The resulting cleaved facets act as the mirrors at 

30 the ends of the cavity. A typical facet is shown at 15 in Figure 8, which is a 

perspective view of one of the LDs after the wafer has been diced to separate the 
individual LDs. 
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The reactive ion etch utilized to form the protrusions discussed above may be 
eliminated if the waveguides are first diced perpendicular to the waveguide. Referring 
to Figure 9, the layered structure discussed with reference to Figures 3 and 4 is again 

5 etched back to expose the n-type GaN layer 10 and the waveguides. The wafer is then 
diced perpendicular to the direction of the waveguides as indicated by the arrow 
labeled D. This operation cuts the waveguides into approximately the correct lengths 
and exposes the A1N layer 9. The surfaces generated by the dicing operation are not 
of the quality needed for the end mirrors of the LD. However, the dicing operation 

0 exposes the A1N layer 9. The exposed A1N layer is then selectively etched to create 
the gap 14 under the GaN layers as shown in Figure 10. The cantilevered portion of 
the GaN layers over gap 1 4 may now be cleaved by applying a blade in the direction 
indicated by the arrows labeled "E" in Figure 11. The cleaved surface 15 provides the 
mirrored ends of the laser cavity. The individual LDs may now be separated from one 

5 another by dicing parallel to the laser cavity as shown in Figure 12. 

Various modifications to the present invention will become apparent to those 
skilled in the art from the foregoing description and accompanying drawings. 
Accordingly, the present invention is to be limited solely by the scope of the 
0 following claims. 
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7 

WHAT IS CLAIMED IS: 

I . A method for fabricating a semiconductor laser comprising the steps of: 
depositing a buffer layer[9] on a substrate[8]; 

depositing a crystalline layer[10-13] on said buffer layer[9], said crystalline layer[10- 
13] comprising a waveguide for said semiconductor laser; 

etching a protion[l 10] of said buffer layer[9] from under said crystalline layer[l0-13] 
leaving a protion[l 10] of said crystalline layer[10-13] cantilevered over said substrate[8]; and 

cleaving said crystalline layer[10-13] in said cantilevered protion[110] to generate a 
reflecting surface[15] for reflecting light generated in said waveguide. 

2. The method of Claim 1 wherein said substrate[8] comprises sapphire; 

3. The method of Claim I wherein said buffer layer[9] comprises A1N. 

4. The method of Claim 1 wherein said crystalline layer[10-13] comprises GaN. 

5. A semiconductor laser comprising: 
a substrate[8]; 

a buffer layer[9] deposited on said substrate[8]; and 

a waveguide comprising a crystalline layer[10-13] deposited on said buffer layer[9], a 
protion[l 10] of said waveguide being cantilevered over said substrate[8], said buffer layer[9] 
not being in contact with said cantilevered protion[l 10], 

wherein said waveguide comprises a cleaved facet for reflecting light generated in 
said waveguide, said cleaved facet being located in said cantilevered protion[l 10] of said 
waveguide. 
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8 

6. The semiconductor laser of Claim 5 wherein said substrate[8] comprises sapphire; 



7. The semiconductor laser of Claim 5 wherein said buffer layer[9] comprises AIN. 

8. The semiconductor laser of Claim 5 wherein said crystalline layer[10-13] 
comprises GaN. 
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